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A COMPARATIVE STUDY OF THE USE OF HYDROPHILIC
ABSORPTION OINTMENT BASES*
SAMUEL R. PERRIN, M.D.1 AND ALFRED HALPERN, Pu.D.2
Recent years have witnessed the introduction of a number of varied hydro-
philic absorption ointment bases. Because comparatively few studies have been
reported dealing directly with pharmacologic and dermatologic application of the
available absorption ointment bases, we considered it would be interesting to
report a comparative study of these bases in combination with commonly used
dermatological agents relative to the irritating and healing effects on experi-
mental wounds.
The superiority of the emulsifying bases is rather well known and both the
water-in-oil and the oil-in-water emulsions have established their places in
dermatology. However, the water-in-oil emulsion enjoys many advantages not
found in the other type of base. The water-in-oil base, because of its continuous
oil phase, provides a direct contact with the surface lipids of the skin. The con-
tinuous oil phase, moreover, acts as a protective covering for the treatment
area in contrast to the oil-in-water base in which there is a weakening of this
desirable property due to the presence of an external aqueous phase. The oil-in-
water bases dry out, resulting in a deposition of fatty materials and a concentra-
tion of active ingredients.
Both the oil-in-water and the water-in-oil bases are prepared with a surface
active agent which may be either anionic, cationic or non-ionic. French (1) has
shown that the oil-in-water emulsions containing a soap develop an alkalinity
and has also demonstrated the incompatibility of these bases with strong elec-
trolytes. Fiero (2) has reported the general failure of the alkaline oil-in-water
emulsion as vehicles for salicylic acid and the mercurials. Many of the surface
active agents used to prepare ointment bases have been found to be irritating
(3). Lane and Blank (4) suggested that the irritation may be due to alkalinity
or to the ability of these substances to penetrate skin or to a combination of
these factors. Roy and Blank (5) obtained a high percentage of positive patch
tests to triethanolamine soaps. Rothinan (6) found that surface active agents
enhance percutaneous absorption. Halpern and Hartwell (7) demonstrated the
value of water in ointment bases on the antiseptic activity of a series of commonly
used drugs.
EXPERIMENTAL
The compounding of prescriptions for a water-in-oil emulsion usually involves
the use of an absorption base. These bases commonly consist of mixtures of
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petrolatum and cholesterol, cholesterol esters, fatty alcohols, fatty acid esters
of polyhydroxy alcohols, triethanolamine soaps and wool fat or wool fat extracts.
The addition of water to the absorption vehicles to form an emulsion has been
shown to result in an unstable product (8, 9). The water exudes readily when the
preparation is rubbed on the skin. The newer absorption bases are compounded
so as to correct this limitation. Hydrophilic Petrolatum U. S. P. XIII and Poly-
sorb (Fougera) are examples of compounded vehicles. Also, the compounded
bases are of a firmer and more desirable ointment-like consistency.
TABLE I
The pharmaceutical properties of the hydrophilic absorption ointment base8
BASE TYPE YORMULA
4' R. T, 10'
E1WLSII'YING ABILITY1
Con-
sist-
ency
Water
Boric
Acid
Sol.
Buffer
So!.
pH 8.5
1. Fatty alcohol
2. Cholesterol
Fatty alcohol
3. Cholesterol
Cholesterol ester
4. Sorbitan sesqui-
oleate
5. Wool fat
6. Wool fat extract
7. Triethanolamine
Stearyl alcohol 6
Petrolatum 94
Hydrophilic petrolatuni
U. S. P. XIII
Cholesterol 3
Cholesterol Stearate 3
Wool fat 25
Petrolatum 69
Polysorb%
Wool fat, U. S. P.
Aquaphor
Trithanolaminoelate 10
Petrolatum 90
2
14
13
S
3
12
5
12
S*
S
S
14
20
S
4
13
S
S
2
16
13
soft
firm
firm
firm
soft
soft
soft
45
170
730
960
60
120
260
40
165
685
880
55
110
230
38
110
670
840
65
80
A
1 CC. per 100 grams of the base, according to the procedure described by Halpern, A.
and Zopf, L. C., J. Amer. Pharm. Assoc., 36, 101 (1950).
* S, stable for entire test period of 60 days.
A, The emulsion broke after 60 cc. of buffer solution was added.
A, Polysorb is the registered trademark of E. Fougera & Co., New York 13, New
York.
j' , Aquaphor is the registered trademark of Duke Laboratories, Stamford,
Connecticut.
The bases chosen for this study represent a group or general class, based upon
the type of emulsifying agent used. Individual bases within a particular group
were selected because of uniqueness of formulation, availability and general
utility. A survey of more than 1000 ointment prescriptions requiring the use of
an absorption base was used as a guide in the selection of the test vehicles.
When the formula was known and the raw materials available, the test bases
were prepared in our laboratories; otherwise they were obtained commercially.
The formula, stability and emulsifying ability of the bases are reported in Table
I. The compatibility of the bases with commonly used dermatological agents
is reported in Table II.
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TABLE II
The compatibility of the test bases*
DRUG % CONCERTRA-TION
FATTt
ALCOHOL
CUOLES-
TEROL
PATTY
A1COHOL
CROLES-
TEROL
C HOLES-
TEROL
ESTER
POLY-
SORS
TRIETE-
ANOL-
AMINE-
OLEATE
WOOL
RAT
AQUA-
PHORE
1. Acriflavine 1-2 E* E E E E E E
2. Atropine sulfate. ... 0.05-0.1 G G E E E E E
3. Balsam peru 5 P F E E G P P
4. Beazoic acid 5 G G E E E E E
5. Benzocaine 5 E E E E E E E
6. Boric acid solution.. 10 E E E E E E E
7. Burows solution 10 G G E E P E E
8. Calamine 17 E E E E E E E
9. Calomel 30 E E G E F E E
10. Camphor 5 G G P E G G G
11. Cetyl Pyridinium
chloride 1 E E E E E E E
12. Coal tar 5-10 P G E E P G G
13. Cod liver oil 10—20 E E E E B E E
14. Gentian violet 1 B E E E E B E
15. Glycerin 10-20 B E E E E E E
16. Hydrogen peroxide.. 3 E E E E E E E
17. Iodine 7(total) P P P E P G G
18. lodoform 5 E E E E E E E
19. Lead subacetate
solution 10-20 G G E E P G G
20. Liquor Carbonis
detergens 5-10 P G E E P G G
21. Mercury oxide 5—10 E E E E E E E
22. Merthiolate 1 (1:5000) E E E E E E E
23. Phenol 2-4 E E E B E B E
24.Pinetar 5 P G E E P G G
25. Potassium iodide.... 5 G G E E P G G
26. Potassium sul-
furated 2-4 E E E E G E E
27. Resorcinol 6 E E E E E E E
28. Salicylic acid 5 E E E E E B E
29. Silver proteinate.... 2—5 E E E E P E E
30. Sodium sulfathiazole 5—15 E E E E E E E
31. Sodium sulfadiazine. 5—15 E B E E E E B
32. Sulfur 10-15 E E E E E E E
33. Tannic acid 10 E E B E G B E
34. TJndecylenic acid.... 10-20 E E E E E E E
35. Whitfields ointment. 50 G G E E E E E
36. Zinc peroxide 5—10 G G E E G E E
37. Zinc oxide 10-20 G B E E E E E
38. Zinc undecylenate... 10-20 E E E E E E E
* E, Excellent, No change observed in any of the properties of the base; G, Good, slight
change in either the texture or spreading qualities of the base; P, Poor, the emulsion broke
within 24—48 hours or the base was so altered as to be unusable. The saturated base was
used and observed daily for 30 days, in the manner described by Halpern (17).
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IRRITATION STUDY
Rabbit eye
The test bases were hydrated at saturation, one-half and one-fourth hydration
levels and placed in the conjunctival sacs of rabbits. At least 5 determinations
were made with each test-base. The eyes of the rabbits were examined over a
period of 36 hours for signs of irritation. Of the bases studied, the stearyl alcohol
and the triethanolamine oleate preparations produced a hyperemia, which was
TABLE III
The rabbit skin irritation of the hydrophilic absorption bases
BASE TYPE PIRSTSERIES1
SECOND
SERIES2
— a
THIRD
SERIES2
1. Fatty alcohol
2. Cholesterol + fatty alcohol — + 0
3. Cholesterol + cholesterol ester — — —
4. Sorbitan sesquioleate (Polysorb) — — —
5. Wool fat, U. S. P — — —
6. Aquaphore — — —
7. Triethanolamine oleate
1 Results represent at least twenty determinations for each base, and three days of
observation.
This series was run after a rest period of five days, using the same rabbits that served
as test animals for the previous series.
a There was one positive reaction out of twenty determinations.
b There were three positive reactions out of twenty determinations, all with one rabbit.
O There were two positive reactions out of twenty determinations, both occurring on
the same rabbit.
d There were six positive reactions out of twenty determinations, three with one rabbit
and one with each of three other rabbits.
o There were nine positive reactions out of twenty determinations, four with one, two
with two others and one with a fourth. Each of the rabbits that exhibited a previous pos-
tive reaction, also evidenced a reaction in this series.
There were ten positive reactions, three with one rabbit, two with three others and
one with a fifth. One rabbit that gave no reaction with the base in the two previous series
evidenced a positive reaction.
(—) Indicated no reaction.
Petrolatum was used as a control.
more pronounced with the latter base. There was no evidence of clouding of
the cornea with any of the other test bases. The non-ionic bases and the wool-
fat bases produced no reaction.
Rabbit skin tests
The abdomen of the test animal was shaved and an area 6 x 10 cm delineated
into 10 sections each 2 x 3 cm. The test material was applied to each alternate
section with a wooden applicator and covered with sterile gauze. The test areas
were examined periodically for 3 days for signs of irritation. Both the bases and
mixtures of the drugs described in Table II were studied. Rabbit skin is generally
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more sensitive to various agents than is human skin and the presence of a hyper-
emic reaction may result with drugs that do not affect human skin (10). Since
alternate sections of the test area were used, the intervening portion served as
a control. In this manner differences in reaction from one animal to another
were ruled out. After the test period, the rabbits were permitted to rest for a
period of 5 days and the experiment repeated in order to exclude any possible
sensitization that may have developed due to the base or the test agent. The
results of this study are reported in Tables III and IV.
Wound healing experiments
After shaving the hair from the back of the test animal (rabbits), a series of
four excisions of the skin on each side were made and the cross-sectional area
carefully measured. Three of the experimental wounds were used as controls
and five were treated with the hydrated test base at one-half and saturation
levels. The area of the test wound was carefully measured each day and the
formation of new epithelium was defined as a healed area. When the new epi-
thelium over the lesion became continuous, the wound was considered healed.
The test preparation was applied directly to the wound each day and covered
with gauze over which was placed a cloth bandage. Wounds that became in-
fected during the course of the experiment were excluded from the study.
Since other factors, such as position of the wound and blood supply to the
area markedly influence the rate of wound repair, the results reported in Tables
V and VI are the mean values of 10 wounds in each instance.
Human skin testing
Skin patch-testing of the bases was carried out on more than 100 subjects,
using the technic described by Schwartz (11). The subjects were chosen at
random and consisted of 47 females with age range of 19 to 53 years and 62
males with age range of 17 to 47 years. The test base was applied directly to the
skin, covered with a sterile gauze layer and observed at 24 hour intervals for
three successive days. The patient was instructed not to bathe or otherwise
interfere with the test area during the course of the investigation. The results
are reported in Table VII.
The effects of the different bases on patients with a known history of allergy
were investigated. A group of 50 allergic subjects were selected using the same
technic of patch-testing, and the results are reported in Table VII.
The drugs that produced an irritation in the animal studies were combined
with the different bases and were applied as patch tests to a group of 50 subjects
chosen at random from the first series. Subjects that had exhibited a reaction
with the base, per Se, were excluded from this study. The patch-testing was re-
peated after a rest period of one week to rule out any possible induced sensitivity.
(Table VIII).
DISCUSSION
The results of this investigation are in agreement with the reports of other
workers using the pure surface active agents (4, 10, 12). The triethanolamine
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oleate base and, to a lesser extent, the stearyl alcohol bases produced skin irrita-
tions. These reactions may be attributed to the ionic character of the emulsify-
ing agents. Presumably the greater the degree of dissociation present, the greater
is the irritation produced. In contrast to these agents is the general non-irritant
properties of the non-ionic agents. In no instance were there any sensitivities
or irritations produced by the sorbitan sesquioleate base (Polysorb). While there
TABLE V
Wound healing stud y—fully hydrated bases
BASE TYPE
MEAN
WOUND
AREA
MEAN
HEALING
THSE
SHORTEST
HEALING
TIME
LONGEST
HEALING
TIME
sq. mm. Days Days Days
1.
2.
3.
Fatty alcohol
Cholesterol fatty alcohol
Cholesterol cholest. ester
64
58
70
13.8
12.6
13.2
11
10
10
16
15
16
4. Sorbitan sesquioleate (Polysorb) 62 12.8 9 15
5. Wool fat 66 13.8 10 15
6.
7.
Wool fat ext. (Aquaphore)
Triethanolamine oleate
Controla
74
68
72
13.1
13.7
13.3
11
10
8
16
17
16
These values are the mean results of 42 control wounds.
TABLE VI
Wound healing studies—bases hydrated at half-saturation
BASE TYPE
MEAN
WOUND
AREA
MEAN
HEALING
TIME
SHORTEST
HEALING
TIME
LONGEST
HEALING
TIME
1.
2.
3.
4.
5.
6.
7.
Fatty alcohol
Cholest. fatty alcohol
Cholest. cholest. ester
Sorbitan sesquioleate (Polysorb)
Wool fat
Wool fat extract (Aquaphore)
Triethanolamine oleate
Controla
sq. mm.
60
72
66
58
62
74
68
72
Days
13.4
12.7
13.5
12.6
12.4
13.2
12.8
13.3
Days
10
9
10
9
9
10
10
8
Days
17
15
16
14
15
16
17
16
These values represent the mean results of 42 control wounds.
was no marked sensitivity to the wool fat bases in the rabbit and human skin
studies, some irritation was evidenced with the drug-base combinations.
It is of importance to note that sensitivities to Aquaphor and other cholesterol
containing bases have been reported by many investigators (13—16).
This study pointedly demonstrates the superiority of the non-ionic bases over
the ionic ones and also demonstrates the general desirability of the water-in-oil
emulsion. Perhaps the reason for this lies in the mechanism of drug release from
the base, whereby the active ingredient must traverse the continuous oil phase
£
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TYPICAL HEALING CURVES
OF EXPERIMENTAL WOUND
FIG. 1
TABLE VII
Human skin patch testing of the hydrophilic absorption bases
BASE TYPP
NUMBER OP POSITIVE PEACTIOIS
Series I Series 51b
I.
2.
3.
4.
5.
6.
7.
Fatty alcohol
Cholesterol fatty alcohol
Cholesterol cholesterol ester
Sorbitan sesquioleate (Polysorb)
Wool fat
Wool fat ext. (Aquaphore)
Triethanolamine oleate
Control"
2
3
0
0
0
0
7
0
1
1
0
0
0
0
5
0
• Based upon a study of 109 subjects, chosen at random, and observed for three suc-
cessive days.
b Based upon a study of 50 subjects with specific allergies and observed for three suc-
cessive days.
o Petrolatum, U. S. P. was used as the control.
* There were no severe reactions with any of the positive responses; Hyperemia and
itching and in one instance slight edema were the typical responses.
before it can be liberated to the treatment area. The thickness of this oil film
would then be a determinant in the drug release and therefore would tend to
regulate the concentration of the drug diffusing into the area. In this manner a
slower, more steady drug-release results and there is a minimum diffusion of a
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IRBITAN
E SQUIOLEATE
'Ia SATURATION
to
0
DA'(S
TA
BL
E 
V
III
 
H
um
an
 th
in
 p
at
ch
 te
st
in
g 
o
f t
he
 b
as
e-
dr
ug
 m
ix
tu
re
s*
 
N
O
. O
P 
PO
SI
TI
V
E 
R
EA
TI
O
N
Sf
 
D
R
U
G
 
CO
N
CE
N
TR
A
TI
O
N
 
Fa
tty
 A
lc
oh
ol
 
Fa
t A
lc
oh
ol
 
o
Ie
Se
ol
 
Sf
lS
e1
sc
Iu
io
e-
 
W
oo
l F
at
 
Tr
ie
th
an
ol
am
in
e 
A 
B 
A 
B
 
A
 
B
 
A
 
B
 
A
 
B
 
A
 
B
 
A
 
B
 
1.
 A
tro
pi
ne
 su
lfa
te
 
0.
5 
2 
2 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
3 
3 
2.
 B
al
sa
m
 p
er
u 
5 
I 
I 
—
 
—
 
—
 
—
 
11
 
I 
I 
I 
1 
—
 
3.
Be
nz
oc
ai
ne
 
5 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
1 
4.
Bu
ro
w
'ss
oi
n.
 
10
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
5.
 C
al
om
el
 
30
 
—
 
1 
2 
1 
—
 
—
 
—
 
1 
1 
—
 
1 
1 
6.
 C
am
ph
or
 
5 
—
 
—
 
—
 
1 
I 
I 
—
 
2 
—
 
—
 
—
 
7.
 
Ce
ty
l p
yr
id
in
iu
m
 c
i. 
1 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
8.
Co
al
ta
r 
5 
I 
I 
—
 
1 
2 
2 
I 
I 
I 
I 
I 
I 
9.
 H
yd
ro
ge
n 
pe
ro
xi
de
 
3 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
10
.Io
di
ne
 
7 
I 
I 
I 
I 
I 
I 
I 
I 
—
 
—
 
I 
I 
11
.Io
do
fo
rm
 
5 
1 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
12
. 
Li
qu
or
 e
ar
bo
ni
s d
et
er
g.
 
5 
I 
I 
1 
1 
—
 
—
 
—
 
—
 
—
 
—
 
I 
1 
13
.P
he
no
l 
4 
2 
—
 
—
 
—
 
1 
—
 
—
 
—
 
—
 
—
 
1 
—
 
14
. 
Pi
ne
 ta
r 
5 
I 
I 
—
 
—
 
—
 
1 
—
 
1 
—
 
I 
I 
15
. 
R
es
or
ci
no
l 
6 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
16
. 
Si
lv
er
 p
ro
te
in
at
e 
2 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
17
. 
So
di
um
 su
lfa
th
ia
zo
le
 
10
 
1 
1 
1 
1 
1 
2 
1 
—
 
1 
—
 
3 
—
 
18
. 
So
di
um
 su
lfa
di
az
in
e 
10
 
1 
1 
2 
1 
2 
1 
—
 
—
 
—
 
—
 
3 
2 
19
.T
an
ni
ca
ci
d 
10
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
20
. 
tln
de
cy
le
ni
c 
ac
id
 
20
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
21
. 
Zi
nc
 pe
ro
xi
de
 
5 
1 
—
 
1 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
—
 
(—
) =
 
In
di
ca
te
s 
th
at
 n
o
 r
ea
ct
io
n 
w
as
 o
bs
er
ve
d.
 
I 
=
 
In
co
m
pa
tib
ilit
y,
 n
o
 d
et
er
m
in
at
io
n w
a
s 
m
a
de
. 
A
 =
 
R
ef
er
s 
to
 th
e f
irs
t 
se
rie
s. 
B
 =
 
R
ef
er
s 
to
 th
e s
ec
o
n
d s
er
ie
s a
fte
r a
 r
es
t 
o
f o
n
e 
w
ee
k.
 
*
 T
he
 b
as
es
 w
er
e 
u
se
d 
at
 o
n
e-
ha
lf s
at
ur
at
io
n.
 
t B
as
ed
 u
po
n 
a 
sk
in
 p
at
ch
 te
st
in
g o
f 5
0 
su
bje
cts
, ch
os
en
 a
t r
an
do
m
 an
d 
o
bs
er
ve
d 
fo
r t
hr
ee
 su
cc
es
siv
e d
ay
s. 
A
 p
os
iti
ve
 r
ea
ct
io
n 
w
as
 d
ef
in
ed
 
as
 hy
pe
re
m
ia
, it
ch
in
g,
 b
ur
ni
ng
 or
 e
de
m
a o
f t
he
 te
st
 ar
ea
. T
he
 ba
se
 w
as
 u
se
d 
as
 th
e c
o
n
tr
ol
 in
 al
l i
ns
ta
nc
es
. 
HYDROPHILIC ABSORPTION OINTMENT BASES 17
large drug concentration which might be irritant to the skin. Thus a drug which
might produce skin sensitivity in a base that had a continuous aqueous film
(oil-in-water) would have a more controlled release from the emulsion type and
therefore evidence a minimal or no reaction.
It is of interest to note that surface activity and skin irritation do not appear
to be directly related. Sorbitan sesquioleate, an extremely efficient emulsifying
agent, is not irritant to the skin. On the other hand, triethanolamine oleate,
which was inferior as an emulsifier, did produce a skin reaction. Also the wool-
fat series which were among the least active did not produce an irritation, while
the stearyl alcohol base did. This further points to the role that dissociation plays
in skin irritations resulting from emulsion bases.
It is important to note that the properties of the bases as a whole influences
skin irritation rather than those of the emulsifying agent itself. Drugs which
caused a skin reaction when incorporated in one base, produced no response in
combination with another base. Presumably, the irritation was due to the con-
centration of the drug released to the skin surface per unit time, rather than to
a sensitivity to the drug. Studies of the rate of drug-release from these bases,
which will be published at a later date, indicate a marked variation of the drug
diffusion over a 24 hour test period.
Of the bases studied, Polysorb appears to be the most applicable to general
dermatological practice. It produced no sensitivity nor irritation, either alone
or in combination with drugs, in both animal and human skin studies. Polysorb,
furthermore had no incompatibilities with the commonly used dermatological
agents and evidenced a greater hydrophilic character than any of the other bases
studied.
CONCLUSION
1. The hydrophilic absorption ointment bases that employ an ionic surface
active agent are generally more irritant to the skin of rabbits and humans than
are those that are formulated with a non-ionic emulsifier.
2. There is no direct relationship between surface activity and skin irritation.
3. The water-in-oil emulsion is a desirable dosage form for topical therapy
that may be used with all medicaments.
4. Polysorb is a useful hydrophilic absorption ointment base, with complete
absence of skin irritation, compatibility with drugs, and strong water absorption
as its outstanding characteristics. Polysorb showed no sensitizing properties
with combinations of commonly used dermatologic drugs in both the animal
and human skin studies.
5. All of the other bases studied produced a skin reaction, when used either
alone or in combination with drugs in the animal and human skin studies.
6. None of the bases studied apparently had any effect on the rate of wound
repair of experimental wounds to rabbit skin.
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